intermediate product prepared above was mixed with KOH at the desired weight ratio (KOH/hydrothermal product = 4), then placed in a horizontal tube furnace and heated from room temperature to 900 °C for 1 h at 5 °C /min under Ar. After cooling down to the room temperature, the product was thoroughly washed with 0.1 M HCl to remove any inorganic salts, then washed with distilled water until the pH value reached 7 and finally dried in vacuum at 120 °C for 24 h.
The products prepared from the mixture of PF and GO were denoted as PF0.25G-HA, PF1G-HA, PF4G-HA, PF8G-HA, PF16G-HA, and PF64G-HA according to the feed ratio of phenolic resin/GO. As the controlled experiment, products were prepared from pure phenol and formaldehyde by the same process and denoted as PF-HA.
(3) Preparation of 3D graphene-based materials from GO/PVA carbon sources.
Different volume of PVA aqueous solution (0.1 g/mL) was mixed with GO aqueous solution (10 mg/mL) to get homogeneous PVA/GO solution. Then, glutaraldehyde water solution (1 mL, 50 wt.%) as the cross-linker and 1.5 mL concentrated hydrochloric acid were added to the PVA/GO homogeneous solution to get the cross-linked PVA/GO hydrogel. The cross-linked PVA/GO hydrogel was then transferred to a sealed 100 mL Teflon-lined autoclave, heated up to 180 °C and maintained at this temperature for 12 h. The resulting solid product was then filtered, washed with distilled water and finally dried in vacuum at 120 °C for 24 h. This intermediate product prepared above was mixed with KOH at the desired weight ratio (KOH/hydrothermal product = 4), then placed in a horizontal tube furnace and heated from room temperature to 900 °C for 1 h at 5 °C /min under Ar. After cooling down to the room temperature, the product was thoroughly washed with 0.1 M HCl to remove any inorganic salts, then washed with distilled water until the pH value reached 7 and finally dried in vacuum at 120 °C for 24 h. The products prepared from the mixture of PVA and GO were denoted as PVA10G-HA, PVA20G-HA and PVA40G-HA, according to the feed ratio of PVA/GO. As the controlled experiment, products was prepared from pure PVA by the same process and denoted as PVA-HA.
Characterization
The morphology of all the 3D graphene-based materials was analyzed by Scanning Electron Microscopy (SEM) using LEO 1530 VP field emission scanning electron microscope with acceleration voltage of 10 kV. Transmission electron microscopy (TEM) and Electron energy loss spectroscopy (EELS, Gatan) were carried on a JEOL TEM-2100 electron microscope at acceleration voltage of 200 kV. Typical tapping-mode atomic force microscopy (AFM) and scanning tunneling microscope (STM) measurements were taken using Multimode SPM from Digital Instruments with a Nanoscope IIIa Controller.
X-ray diffraction (XRD) measurements were performed on a Rigaku D/Max-2500 diffractometer with Cu Kα radiation. The stacking domains whose height (Lc) can be determined from the XRD line broadening using Scherrer's equation: L c = Kλ/(β c × cosθ), where K is the shape factor which is equal to 0.89, λ is the wave length of the X-ray radiation, β c is the full width at half height of symmetrical shape of the diffraction peaks and θ is the Bragg angle. The interlayer spacing (d 002 ) was calculated from the Bragg peaks using the Bragg law: nλ = 2dsinθ.
Raman spectra were examined with a LabRAM HR Raman spectrometer using laser excitation at 514.5 nm. Lorentzian fitting was carried out to obtain the positions and widths of the D and G bands in the Raman spectra. Lorentzian fitting was carried out to obtain the positions and widths of the D and G bands in the Raman spectra. According to the Raman spectra, the size of graphene domains L a (nm) can be estimated by L a = (2.4×10 Electron paramagnetic resonance (EPR) measurements were done with a Bruker EMX-6/1 with TEMPOL as a standard, and the samples were measured in 4 mm tubes under the same number of scans.
The nitrogen adsorption/desorption analysis was done at 77 K on a Micromeritics ASAP 2020 apparatus. The specific surface area (SSA) was calculated by the BET method based on adsorption data in the relative pressure (P/P 0 ) range of 0.05 to 0.3. The total pore volume was measured from the amount of nitrogen adsorbed at a relative pressure (P/P 0 ) of 0.99. The pore size distribution was analyzed using a NL-DFT method with a slit pore model from the nitrogen adsorption data.
The electrical conductivity of the products was tested by the following method. Typically, the products was mixed with 1 wt.% polytetrafluoroethylene (PTFE, solid powder, Dupont) as a binder, and homogenized in an agate mortar. Then it was rolled into 100-120 μm thickness sheet and cut into 3 cm × 1 cm sheet to get the resistance (R). The conductivity of the film was calculated using the formula λ= L / (R × W × d), where λ is the electrical conductivity of sample, L, W, d is the length, width and thickness of the sheet, respectively.
Fabrication of supercapacitor using these materials and their performance evaluation
Generally, the materials used for the state-of-art supercapacitors include mainly three components, AC to achieve high SSA, CB to enhance the overall conductivity, and the binding polymer materials. It is noted that CB generally takes about 3-10% of the total electrode weight, but hardly contributes any SSA or capacitance performance. Since our graphene-based materials have good conductivity, CB was thus not added for the device fabrication.
Recently, there are strong calls for reporting the supercapacitor performance data following the "clear rules for reporting the performance of new materials" 1, 2 as many claimed data in recent literatures were not obtained following the reliable measurement method/practice and losing comparison capability. It has been strongly recommended that it is critical to follow these practices and methods to get reliable conclusion. These include 1) using thick films in the range from 100 to 200 μm as the active layer, 2) measuring the performance with not too low testing current, 3) using two-electrode practical testing cells instead of three-electrode CV scanning measurements, which could easily give a false double value of the intrinsic result 1 . We want to emphasize that our performance data are based on the practical industry devices with electrode thickness of 100-120 µm and calculated using the recommended most reliable method rather than the three-electrode CV method. Using these best recommended industry practice and method, we have fabricated and tested supercapacitors using these materials as the electrode materials without any addition of conductive filler. The industry-level two-electrode symmetrical supercapacitors based on our materials were fabricated to determine the capacitance performance.
Briefly, 90 wt.% products and 10 wt.% PTFE were homogeneously mixed in the agate mortar.
Then the mixture was rolled into 100-120 μm thickness sheets and punched into 16 mm diameter electrodes. After dried at 120 °C for 6 h under vacuum, the electrodes were weighted and hot pressed onto the current collectors (aluminum foils with conducting carbon coating) and then dried at 180 °C for 6 h under high vacuum to completely remove water. The dry electrodes/collectors were transferred into a glove box filled with Ar to construct two-electrode symmetrical supercapacitors, which consisted of two current collectors, two electrodes with identical weight and a porous cellulose separator sandwiched in a test fixture consisting of two stainless steel plates. 30 wt.% KOH aqueous solution, 1.0 M TEABF 4 /AN, EMIMBF 4 , EMIM TFSI and BMIMBF 4 were used as electrolytes, respectively.
All the electrochemical tests were carried out at room temperature. Galvanostatic charge-discharge cycle tests were measured using an Arbin testing system (Arbin MSTAT, America) at current densities of 1, 2, 5 and 10 A/g, respectively. The gravimetric specific capacitance, C s (F/g), was calculated according to 4 / and Z" is the imaginary part of the impedance.
A series of modeling and calculations for various structures based on graphene sheets were carried out using the "Atom, Volumes and Surface" module in Materials Studio Modeling (version 4.4, Accelrys), and a grid interval of 0.1 Å was used for all surface area calculations.
The accessible solvent surface areas were calculated from a simple Monte Carlo integration technique where the probe molecule is "rolled" over the framework surface 3, 4 . All values reported in this paper were calculated with a probe radius of 1.82 Å (the kinetic radius of N 2 )
using the methodology set out by Duren et al by Materials Studio 3, 4 .
The first model and calculation is carried out by calculating the accessible solvent (N 2 ) SSA of different sizes of graphene domains (roughly all are square shapes for the sake of easier calculation) with different number of layers.
In practice, the carbon atoms at the holes inside the graphene plane also can be considered as the edge carbons. Thus, the second approach for modeling these products is to calculate the SSA of periodic graphene domains with increasing size of holes inside the graphene basal. In this simulation, the edge carbons all come from the defects inside graphene domain units, where the defects are introduced with holes on the overall 2D structure units, since most likely most of graphene domains would have some defects as holes on the overall 2D structures. A solvent-accessible SSA was calculated for each periodic unit as mentioned above.
A 3D model of the proposed structure of our porous graphene-based material was established in /g using a simple Monte Carlo integration technique where the probe molecule is "rolled" over the framework surface as mentioned above. These results again are consistent with both the experimental and the modeling SSA results above for our products, thus this model could be used as a 3D representative model for our materials.
Supplementary Tables
SSA and conductivity of the products from the mixture of GO and various carbon source with different ratios were summarized in Supplementary Table S1-S4. The N 2 SSA was measured by the BET method based on the adsorption data in the relative pressure (P/P 0 ) range of 0.05 to 0.3.
The conductivity was measured using the films by mixing the products or RP20 with 1 wt.% PTFE which is used as a binder. RP20 is a widely used commercial activated carbon. RP20 + was tested under the same condition but adding 10 wt.% conductive carbon black.
Supplementary Table S1 . SSA and conductivity of the products from the mixture of GO and sucrose with different ratios. SU-HA stands for the products prepared by the processes mentioned above from pure sucrose. The numbers represent the feed ratio of sucrose/GO. 
Supplementary Figures
Supplementary Figure S1 .
Scanning electron microscopy (SEM) images of first step products from the mixtures of phenolic resin and GO with different ratios. (a) G-H, (b)

PF0.25G-H, (c) PF1G-H, (d) PF4G-H, (e) PF8G-H, (f) PF16G-H, (g) PF64G-H and (h) PF-H.
The introduction of graphene can lead to huge difference in the structure and morphology of intermediate products. For example, the product from pure GO (a) has a tightly stacked structure and the product from pure carbon source (h) gives a solid particle morphology. The products from the mixed starting materials (b-g) exhibit a sponge-like and loosely stacked structure with many irregular pores or channels. Similar results were observed when using other carbon sources. For example, the products with the optimized ratio show sponge-like structure (f), significantly different from the rather firm/solid structure derived from pure carbon source (h).
Supplementary
Supplementary Figure S3. XPS spectra of C1s and their deconvolution for the products (a)
SU24G-HA, (b) PF16G-HA, (c) PVA20G-HA and (d) RP20. From each figure, a primary C1s
XPS peak appears at a binding energy of 284.4 eV, which is assigned to sp 2 -bonded carbon.
Meanwhile, there are other weaker peaks that can be identified as sp , where E is the laser energy in nanometers (λ = 514.5 nm, 2.41 eV), and I D and I G are the intensities of the D and G bands, respectively. The approximate dimensional size of the optimized products is around 4-6 nm with some changes depending on different starting materials, which is much smaller than those of products prepared from pure carbon source (~ 9.7 nm) or pure GO (~ 11.9 nm) and RP20 (10.7 nm). In practice, the carbon atoms at the holes inside the graphene plane also can be considered as the edge carbons. Thus, another approach for modeling these products is to calculate the SSA of periodic graphene domains with increasing size of holes inside the graphene basal. In this simulation, the edge carbons all come from the defects inside graphene domain units as shown in So one conclusion we can draw is that the ultrahigh SSA of our materials cannot be due to the pentagon and/or heptagon, neither from folded structure or negative curvature caused by (Schwarz Model) structures 11, 12 . Rather, the observed ultrahigh SSA over limit of 2675 m 2 /g should mainly come from the edge (or defects) of the graphene sheets which also should have the dimensional size of a few nanometers. We believe this should be also applicable to other sp 
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